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METHOD FOR SYNCHRONIZING A
RECEIVER WITH A TRANSMITTER

BACKGROUND OF THE INVENTION

The present invention relates to a method for synchroniz-

ing a recerver with a transmitter; in particular, within amobile
radio network.

The rapid technical development 1n the field of mobile
communications has led 1n recent years to the development of
new mobile radio systems of the third generation. An essen-
tial role 1s played 1n this case by the so-called UMTS (Uni-
versal Mobile Telecommunications System), which 1s based
at least partly on the WCDMA (Wideband Code Division
Multiple Access) technology. The air interface of this system,
UTRA (UMTS Terrestrial Radio Access), forms a central
clement 1n this system. This air interface can be implemented
in accordance with the prior art via two different types of
duplex; TDD (Time Division Duplex) and FDD (Frequency
Division Duplex), respectively.

For the purpose of synchromizing a receiver (mobile sta-
tion, subscriber station) with a transmitter (base station), it 1s
known to transmit a first synchronization signal (synchroni-
zation sequence, synchronization code, code word) PSC (Pr1-
mary Synchronmization Code) for detecting a cell and/or a base
station, and second synchromization signals (synchronization
sequence, synchronization code, code word) SSC (Secondary
Synchronization Codes) for the purpose of identitying differ-
ent parameters of the detected cell and/or base station from
the transmitter (base station) to the receiver (mobile station).
Such a synchronization 1s also called cell search.

It 1s also known 1n this case from [ 1] and [ 5] to use the same
PSC and the same SSCs for UTRA FDD and UTRA TDD.

However, the situation arises 1n this case that for the pur-
pose of synchronization with subscriber stations UTRA FDD
requires the use of 16 different SSCs, whereas for the purpose
of synchronization with subscriber stations UTRA TDD
requires the use of only different SSCs.

The set ol 16 SSCs 1s grouped in UTRA TDD 1nto the five
code sets, of which four code sets, which each include three
SSCs, are used 1n UTRA TDD for synchronization, and one
code set, which includes four SSCs, 1s not used 1n UTRA
TDD for synchronization. Three SSCs of a code set are emit-
ted for synchronization purposes in parallel with the PSC in
the time slots to which a PSCH (Primary Synchronization
Channel) 1s assigned.

The PSC 1s a so-called “Generalised hierarchical Golay

Sequence” with good a periodic autocorrelation properties
that 1s known per se from [2].

The PSC 1s accordingly defined by the following construc-

tion rule:

Leta=<X,,X,, X5,...,X,x>=<1,1,1,1,1,1,-1, -1, 1, -1,
1,-1,1, -1, -1, 1> be a sequence of 16 elements.

The PSC 1s then generated by modulating “a” with the aid
of a complementary Golay sequence. The sequence a 1s
therefore repeated, and with each repetition all the ele-
ments of the sequence a are multiplied by the value,
corresponding to the repetition, of the complementary
Golay sequence. Subsequently, all the elements are mul-
tiplied by the complex number (1+7). This generates a

complex sequence that has identical real and 1imaginary
parts.

The PSC C, 1s therefore defined as:

Cp:«:}{(O),, y(1), v(2), ..., v(255)>, wherein 1t holds that:

y=(1+1)x<a,a,a,-a, -a,a,—-a, —-a, a, a, a, —-a, a, —a, a, a>; the
value with the smallest index y(0) corresponds in this
case to the first symbol or chip transmitted in a time slot.

The 16 SSCs {C,, . .., C,5}, which are likewise known

from [3], are based on Hadamard sequences that are formed
by every 16th row, starting with row 0, of a positionally
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scrambled Hadamard matrix H,. They are likewise complex
sequences that have 1dentical real and 1imaginary parts.

In particular, the 16 SSCs are formed as follows:

The 16 SSCs (SSC code words) {C,, . . ., C,s} can be
obtained by a positional multiplication of a Hadamard
sequence by the sequence z that 1s defined as

7z=<b, b, b, =b, b, b, =b, —b, b, —=b, b, -b, —b, —-b, —b, —-b>,
wherein 1t holds that:

b=<X,,...,Xgq, X5, ..., X;>=(1,1-1,1,1,1,-1, -1, -1,
1,-1,1,-1,1, 1, -1>;

The Hadamard sequences are defined as rows of the matrix
H,, H, being determined by the following recursive defi-

nition:
Ho = (1)
H,_ H,_
sz[ k—1 kl]jk:_}l
Hy 1 —Hi

The rows are enumerated from the top down, starting with
0 for the first row (that 1s, the row containing only ones).

The nth Hadamard sequence 1s now defined as the nth row
of Hg, the rows being enumerated 1n sequence from the
top down withn=0, 1, 2, ..., 255.

Let h, (1) and z(1) respectively be the 1th symbol of the
sequence h and z, respectively, wherem 1=0, 1, 2, . . .,
255, and wherein 1=0 refers to the symbol recorded
furthest left.

The 1th SCH code word, Cz7;, wheremn1=0, . . ., 15 1s then
detined as Cgp1=(147)x<h, (0)xz(0), h_ (1)xz(1),
h_ (2)xz(2), ..., h (255)xz(255)>, wherein m=(16x1)
and the symbol recorded furthest left corresponds to the
symbol or chip that 1s first emitted.

Such an SCH code word 1s defined for each 16th row of the
matrix Hy; this yields a total of 16 different SCH code
words.

The SSCs, {C,, ..., C,s}, are now defined by these SCH
code words, Cgeyzy ;s as: C;=Cgepg;, 170, ..., 15,

1. The second synchronization sequences are also denoted

below with the aid of SSCi1 or SSC,, wherein 1t holds that:

SSC1=SSC~C,~Cgepr 5,170, . . ., 13;

Since, now, one PSC and three SSCs of a code set are
emitted 1n parallel for synchronization purposes, and corre-
lation calculations are carried out at the receiving end for the
purpose ol synchronization, the grouping of the set of the
SSCs to form code sets has an influence on the quality of and
the outlay on these correlation calculations, and thus the
synchronization or the cell search.

An 1improved grouping ol SSCs to form used code sets 1s
proposed 1n [3], 1n which the grouping was determined sim-
ply with the aid of the sequence of the SSCs:

Code set 1: SSC,, SSC,, SSC,
Code set 2: SSC,, SSC,, SSC,
Code set 3: SSC,, SSC,, SSC,

Code set 4: SSC,, SSC, ,, SSC,

The following grouping of SSCs to form used code sets 1s
proposed 1n [1], 1n which the grouping was performed using
the following rules:

a) select as used SSCs the 12 SSCs from the possible 16
that have the smallest RMS (Root Mean Square) value of the
cross correlation relative to the PSC. The RMS value 1n this
case denotes the root of the mean square of the CCF (cross-
correlation function) of the SSC’s with the PCS. This rule 1s
based on the following finding: 1f a high cross correlation
ex1sts between an SSC and the PCS, 1t 1s possible that, 1n the
search for the PSC that is typically carried out by a correlation
of the received signal with the PSC, the mobile station could

erroneously declare such a high cross correlation with the
SSC as PSC.
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b) These 12 SSCs are grouped 1nto code sets 1n such a way
that the mean RMS value for all three SSCs located 1n a code

set 1s also minimized for the worst group.

The following grouping of SSCs to form used code sets
resulted 1n [ 1] from the application of these criteria:

Code set 1: SSC., SSCq, SSC,,
Code set 2: SSC,, SSC,, SSC, &
Code set 3: SS8C, ,, SS8C, 5, SSC, 4

Code set 4: SSC,, SSC, SSC, .

However, as will be set forth later on, this selection 1s not
optimal.

The present invention 1s directed toward specilying a
method for synchronizing a receiver with a transmuitter, and a
method for cell search that permits reliable synchronization.

SUMMARY OF THE INVENTION

Thus, according to the present invention, for the purpose of
synchronizing a receiver with a transmuitter, a first synchroni-
zation signal with a multiplicity of second synchronization
signals 1s transmitted from the transmitter to the recerver, a set
of second synchronization signals 1s subdivided into used
code sets and at least one unused code set 1n such a way that
the maximum 1n the peak values of the cross-correlation
functions of the second synchronization signals, which are
determined by a used code set, with the first synchronization
signal 1s minmimal.

The transmission of a first synchronization signal “with”
second synchronization signals also includes the transmis-
sion of 1individual second synchronization signals (for
example sequentially), several or all second synchronization
signals of a code set being performed during the transmission
of the first synchronization signal.

The present invention relates 1n this case, 1n particular, to
the UTRA TDD mode; the use of second synchromization
signals of an unused code set 1n the UTRA FDD mode even
while the PSC 1s being emitted 1s therefore not excluded. The
present invention also includes the case that the unused sec-
ond synchronization signals are not regarded as a code set.

The present invention 1s based 1n this case on the finding
that the RMS (Root Mean Square Value) of the cross-corre-

lation functions CCF 1s less relevant than the peak value in the
CCF.

This 1s based, 1n turn, firstly on the requirement for a quick
or short PSC search, which has to be carried out as quickly as
possible for the following three reasons:

The PSC correlation requires a continuous activation of the
radio section and a continuous, high computing power of the
baseband section of the mobile station. Consequently, a fast
PSC search 1s required to save energy.

During the first cell search, the frequency of the local
oscillator has not yet been calibrated by the signal of the base
station, but generally has an increased frequency error. How-
ever, an existing frequency error displaces the time base of the
mobile station relative to the time base of the base station. It
1s therefore impossible to accumulate the correlation of the
PSC over a lengthy time period and thereby, for example, to
obtain a reliable result by averaging.

A maximum 1in the correlation that 1s used for the PSC
search, that 1s to say a potential candidate for the PSC search,
is verified directly by virtue of the fact that the second and also
the third stage of the cell search are carried out with the aid of
this hypothesis for the time pattern derived from this maxi-
mum. This 1s more efficient than simply carrying out the PSC
correlation and accumulation for a longer time.

Consequently, the portion of the superimposed noise 1s still
relatively high in the case of the PSC search (search for a
maximum 1n the PSC correlation) under these special bound-
ary conditions of a short PSC search. The cross correlation of
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the PSC with the SSCs are, however, not relevant when they
lie below this typically high noise level, and will lead to a
significant worsening of detection only when they lie above
this level. The probability of erroneous detection rises expo-
nentially with the magnitude of a CCF maximum. Conse-
quently, only the greatest CCF maximal contribute signifi-
cantly to the erroneous detection.

As a result of the present invention, the first stage of the
synchronization, that is to say the detection of a cell or a base
station with the aid of a PSC, 1s performed reliably; 1n par-
ticular, more reliably than in the prior art.

A key finding on which the present invention 1s based is
therefore that, by contrast with the concept on which the
proposal [1] 1s based, what 1s important 1s not to minimize the
mean RMS value of the cross-correlation functions CCF of
the used SSCs with the PSC within a code set of SSCs, but to

minimize the maximum in the peak value of the cross-corre-
lation functions of the used SSCs with the PSC.

One embodiment of the present invention provides to
undertake the assignment of SSCs to the first code set 1n such
a way that the maximum value of the peak values 1n the CCF
of the SS8Cs, assigned to the first code set, with the PSC 1s as
low as possible, and then the same criterion for the selection
from the SSCs still not assigned to any code set 1s used for the
following code sets.

Such embodiment is based on the finding that the grouping,
selected 1n [1], of the SSCs 1nto code sets 1n such a way that
the RMS 1s as low as possible within a code set even for the
worst code set leads to a lower reliability of synchronization
than ensuring that the maximum value of the peak values 1n
the CCF for the first code set 1s as low as possible, and then
making use for the further code sets of the same criterion for
the selection from the SSCs still not assigned to any code set.

One advantageous embodiment of the present mvention
provides for carrying out the grouping of the second synchro-
nization sequences as follows:

Code set 1: SSC1, SSC3, SSC5;
Code set 2: SSC10, SSC13, SSC14;
Code set 3: SSCO, SSC6, SSC12;

Code set 4: SSC4, SSC8, SSC13.

This leads to the following unused second synchronization
sequences and to the following unused code set:

SSC2, SSC7, SSCY, SSC11.

Complicated simulations with the aid of simulation tools
set up specially for this purpose lead 1n the case of the appli-
cation of the criteria according to the present invention to this
special grouping of second synchronization sequences.
Appropriate results are summarized 1n the following tables:

TABL.

1

(Ll

maximum peak values in the CCF of the respective code set of the
SSCs for a grouping into code sets 1n accordance with an
advantageous refinement of the invention: select the SSCs with the
lowest peak value 1in the CCF with the PSC; group the SSCs thus
selected 1n such a way relative to code sets that the maximum

of the peak values 1n the CCF of the SSCs 1s minimized within
each code set.

CCF of SSC Maximum peak
with PSC value i the CCF
Code Peak of the respective
set value RMS code set of the SSCs
1 SSCsy 67 9.93 75
SSC, 67 11.28
SSC, 75 12.58
2 SSC, 77 11.87 79
SSCio 77 11.24
SSC, 79 11.48
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TABLE 1-continued

maximum peak values in the CCF of the respective code set of the
SSCs for a grouping into code sets i accordance with an
advantageous refinement of the invention: select the SSCs with the
lowest peak value in the CCF with the PSC; group the SSCs thus
selected 1n such a way relative to code sets that the maximum

of the peak values in the CCF of the SSCs 1s minimized within
each code set.

CCF of SSC Maximum peak
with PSC value in the CCFE
Code Peak of the respective
set value RMS code set of the SSCs
3 SSC o5 79 11.62 81
SSCoq 79 11.65
SSCy 81 10.49
4 SSC s 83 11.48 ]9
SSCyg 83 12.10
SSCy 89 11.90
Unused SSC g 99 10.46
SSC- 99 12.91
SSCy 109 12.31
SSC, 111 12.13
TABLE 2

maximum peak values in the CCF of the respective code set of the
SSCs for a grouping into code sets in accordance with [1].

CCF of SSC Maximum peak
with PSC value 1n the
Code Peak CCF of the respective
set value RMS code set of the SSCs

1 SSCs 67 9.93 99
SSCo 83 12.10
SSCy 99 10.46

2 SSCo 81 10.49 83
SSC 67 11.28
SSC s 83 11.48

3 SSC o5 79 11.62 79
SSC 5 79 11.48
SSC 4 77 11.87

4 SSCy 89 11.90 89
SSCg 79 11.65
SSC oo 77 11.24
Unused SSCs, 111 12.13
SSCy 75 12.58
SSC- 99 12.91
SSCy 109 12.31

TABLE 3

maximum peak values in the CCF of the respective code set of the
SSCs for a grouping into code sets in accordance with [5].

CCF of SSC Maximum peak
with PSC value 1n the
Code Peak CCF of the respective
set value RMS code set of the SSCs
1 SSCy 81 10.49 111
SSC, 67 11.28
SSCs, 111 12.13
2 SSC, 75 12.58 89
SSCy 89 11.90
SSCy 67 9.93
3 SSCq, 79 11.65 99
SSCo 99 12.91
SSCyg 83 12.10
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TABLE 3-continued

maximum peak values in the CCF of the respective code set of the
SSCs for a grouping into code sets in accordance with [5].

CCF of SSC Maximum peak
with PSC value in the
Code Peak CCF of the respective
set value RMS code set of the SSCs
4 SSCy 109 12.31 109
SSC g 77 11.24
SSCy Q9 10.46
Unused SSCo5 79 11.62
SSC; 79 11.48
SSCy4 77 11.87
SSCy 5 83 11.48
TABLE 4

summary of the maximum peak values in the CCF
for each code set for the three proposals.
Maximum peak values in the CCF of the complete set of the SSCs

Design variant

of the Proposal in Current
invention [1] specification
]9 99 111
81 89 109
79 83 99
75 79 89

Another development of the present invention provides
that for the purpose of synchronization the transmitted syn-
chronization sequences are further processed at the receiving
end, such as 1n a mobile station, in particular 1n the form of
correlation calculations.

Additional features and advantages of the present mnven-
tion are described 1n, and will apparent from, the following
Detailed Description of the Invention and the Figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows a block diagram of the principle of a mobile
radio system 1n connection with the teachings of the present
imnvention; and

FIG. 2 illustrates an exemplary grouping of second syn-
chronization signals 1to code sets.

DETAILED DESCRIPTION OF THE INVENTION

[lustrated 1n FI1G. 1 15 a cellular mobile radio network that
constitutes, for example, a UMTS (Universal Mobile Tele-
communication System) system that includes a multiplicity
of mobile switching centers MSC that are networked together
and furnish the access to a fixed network. Furthermore, these
mobile switching centers MSC are connected to, 1n each case
can at least one base station controller BSC that also can be
formed by a data processing system.

Each base station controller BSC 1s connected, 1n turn, to at
least one base station BS. Such a base station BS 1s a radio
station that can set up a radio link to other radio stations,
so-called mobile stations MS, via a radio intertace. Informa-
tion can be transmitted via radio signals between the mobile
stations MS and the base station BS assigned to these mobile
stations MS. The range of the radio signals of a base station,
or a number thereof 1n the individual case, essentially define
a radio cell.
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Base stations BS and a base station controller BSC can be
combined to form a base station system. The base station
system 1s also responsible 1n this case for the radio channel
administration and/or allocation, the data rate matching, the
monitoring of the radio transmission link, handover proce-
dures, and for the allocation of the spread code sets to be used,
and communicates the signaling information required there-
for to the mobile stations MS.

The UMTS system and the corresponding components of
mobile stations and/or base stations can communicate 1n this
case 1 the UTRA-TDD mode and/or in the UTRA-FDD
mode.

The base stations BS emit a {irst synchronization signal
PSC for a first cell search or the first step of a synchronization
of a base station with a mobile station. In parallel with the
PSC, the base stations emit a multiplicity of second synchro-
nization signals SSC for a second step of a synchronization of
a base station with amobile station. In this process, for UTRA
FDD and UTRA TDD, the multiplicity of second synchroni-
zation signals SSC transmitted 1n parallel with the PSC are
extracted from the same quantity or the same set of 16 pre-
scribed second synchronization sequences.

Depending on the mode or modes 1n which the base sta-
tions are being operated, however, the multiplicity of second
synchronization signals SSC that are sent with the PSC are
determined by different code sets into which the 16 SSCs are
grouped.

The set ol 16 SSCs 1s grouped 1n this case into five code sets
in the UTRA TDD, of which four code sets, which include
three SSCs 1n each case, are used for synchronization in
UTRA TDD, and one code set, which includes four SSCs, 1s
not used for synchronization in UTRA TDD. Three SSCs of
a code set are then emitted 1n parallel with the PSC for the
purposes of synchromization in the time slots to which a
PSCH (Primary Synchronization Channel) 1s assigned.

The grouping of the second synchronization signals into

used code sets 1s performed as follows 1n this case, and 1s
illustrated 1n FIG. 2:

Code set 1: SSC1, SSC3, SSC5;
Code set 2: SSC10, SSC13, SSC14;
Code set 3: SSCO, SSC6, SSC12;

Code set 4: SSC4, SSC8, SSC13.

The PSC and SSCs are formed 1n this case by methods
specified above.

The determination of the temporal position of the first
synchronization sequence PSC and of the temporal sequence
of the multiplicity of second synchronization sequences SSCs
1s performed 1n the mobile stations via correlation calcula-
tions. In this process, the synchronization sequence of the
PSC 1s compared over the entire frame at each possible posi-
tion with the recerved signal, typically by using a so-called
matched filter. In the process, all possible cross correlations
of the SSCs with the PSC also occur, and so the entire cross-
correlation function must be mvestigated 1n an optimization
of the SSCs. The first synchronization sequence 1s used for
time slot synchronization, and the multiplicity of second syn-
chronization sequences are used for frame synchronization
and for detecting further system parameters.

In a further embodiment of the present mvention, it 1s
possible to utilize the fact that the following SSCs all have the
same peak value in the CCF with the PSC:

SSC, 5, SSC,,, SSC,..

It follows that there are three different possible selections
for the formation of the code sets (two that are additional to
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the above-mentioned exemplary embodiment), which all per-
mit an (approximately) i1dentical probability of detection.
Here, use 1s made 1n each case of one of these SSCs (S5C, 3,
SSC,,, SSC,) m the second code set. In a preferred refine-
ment, use 1s made 1n this case of SSC for the third code set,
in order to achieve a smaller difference in the RMS values
between the sets. Although, as represented above, the RMS
value 1s not the primarily decisive criterion, 1t nevertheless
can be advantageous to make such a selection as a subordinate
criterion.

In a further embodiment of the present invention, 1t 1s taken
into account that a frequency error that can typically be
approximately 10 kHz can occur during the first cell search.
In this refinement, the selection of the code sets 1s then carried
out as a function of the CCF 1in the case of a frequency error.
The selection criterion specified above 1s then extended to the
elfect that use 1s made not of the values of the CCF without
frequency error, but of the values of the CCF with frequency
error, or to the effect that use 1s made of a compromise
between the best code sets with and without frequency error.

It 1s taken 1nto account in a further embodiment that the
SSCs of a group can be transmitted simultaneously; the indi-
vidual SSCs being modulated, however, with a value from the
group {+1, -1, +j, —j}. In this embodiment, it is not the
properties of the CCF of the individual SSCs that are opti-
mized with the PSC, but the CCF of the various possible
combinations of the modulated SSCs with the PSC. In this
case, the selection can be carried out 1n a way similar to that
described above; 1n particular, taking account of the same
criteria as described above.

Although the present mvention has been described with
reference to specific embodiments, those of skill 1n art wall
recognize that changes may be made thereto without depart-
ing from the spirit and scope of the present invention as set
forth 1n the hereatiter appended claims.

This application refers to the following documents, spe-
cifically:

[1] Mitsubishi Electric, “Optimized code sets for PSCH 1n
UTRA TDD”, 3GPP TSG RAN WG1#13 Tdoc R1-00-
0626, Tokyo, Japan, May 22nd-25th, 2000

[2] Siemens, Texas Instruments, “Generalised Hierarchical
Golay Sequence for PSC with low complexity correlation
using pruned eificient Golay correlations”, TSG-RAN

Working Group 1 (Layer 1) Meeting #3, Tdoc 5677/99,
Cheju Island, Korea, 01.-04.06.1999.

[5] 3rd Generation Partnership Project; Technical Specifica-
tion Group Radio Access Network; “Spreading and modu-

lation (TDD)”; 3G TS 25.223 V3.2.0 (2000-03).

The invention claimed 1s:
1. A method for synchronizing a receiver with a transmitter,
the method comprising the steps of:

transmitting from the transmitter to the recerver a first
synchronization signal with a plurality of second syn-
chronization signals which are taken from a set of sec-
ond synchronization signals that are subdivided into
code sets;

determiming the plurality of second synchronization sig-
nals that can be transmitted jointly by a respective code
set; and

grouping the code sets 1mto used code sets and at least one
unused code set:

wherein the set of second synchronization signals are sub-
divided into code sets such that a maximum in the peak
values of cross-correlation functions of used code sets of
the second synchronization signals with the first syn-
chronization signal 15 minimized.
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2. A method for synchronizing a receiver with a transmitter
as claimed 1n claim 1, wherein the method 1s used 1n a TDD

mode of a UMTS.

3. A method for synchronizing a recerver with a transmaitter
as claimed 1n claim 1, wherein all the synchronization signals
of the set of second synchronization signals are used for
synchronization in a FDD mode of a UMTS system.

4. A method for synchronizing a receiver with a transmuitter
as claimed 1n claim 1, wherein the first synchronization signal
1s a hierarchic sequence, and the second synchronization sig-
nals are obtained 1n each case by positional multiplication of
the first synchronization signal by one row of a Hadamard
matrix.

5. A method for synchronizing a receiver with a transmitter
as claimed 1n claim 1, wherein the synchronization signals are
formed as follows:

the first synchronization signal C, 1s determined by the

following relationship:

C,=<y(0), y(1), y(2), . . ., y(255)>, wherein it holds that:

y=(1+1)x<a, a, a, —a, —-a, a, —a, —a, a, a, a, —-a, a, —a, a, a>,
wherein 1t holds that:

A=<X, Xqy X5, . .., Xy >=<1, 1,1, 1,1, 1, -1, -1, 1, -1, 1,
-1,1, -1, -1, 1>;

16 second synchronization signals {C,, . . ., C,5) are
determined by the relationship:

Ci=Csemsr 170, .. ., 15, wherein 1t holds that:

Csem.~(1+1)x<h, (0)xz(0), h,, (1)xz(1), h,,(2)xz(2), . . .,
h_(255)xz(255)>, wherein 1t holds that:

m=(16x1)}

the nth Hadamard sequence h  1s a series of a Matrix Hq,
which can be formed recursively by the relationship:

Hy = (1)
H, =[Hk—l Hi ],k -
H, —H
the numbering beginning at

the top with zero, n=0, 1, 2, . . ., 255;
h_(1) and z(1) denote the 1th symbol of the sequence h and
z, respectively, wheremn 1=0, 1, 2, . . ., 255 and 1=0
corresponds to the symbol at far left.
6. A method for synchronizing a recerver with a transmaitter
as claimed 1n claim 1, wherein the used code sets are defined
as follows:

Code set 1: SSC1, SSC3, SSCS5;
Code set 2: SSC10, SSC13, SSC14;
Code set 3: SSCO, SSC6, SSC12;
Code set 4: SSC4, SSC8, SSC13.

7. A method for synchronizing a recerver with a transmaitter
as claimed in claim 1, wherein a temporal position of the first

synchronization sequence and a temporal position of the plu-
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rality of second synchronization sequences are determined at
a recetving end via correlation calculations.

8. A method for synchronizing a receiver with a transmitter
as claimed in claim 1, wherein the first synchronization
sequence 1s used at a recerving end for time slot synchroni-
zation, and the plurality of second synchronization sequences
are used for frame synchronization.

9. A method for synchronizing a receiver with a transmitter
as claimed 1n claim 1, wherein, for a minimization criterion,
the maximum and the peak values of the cross-correlation
functions of the second synchronization signals, which are
determined by a used code set, 1s also taken 1nto account with
the aid of the first synchronization signal in conjunction with
at least one frequency error.

10. A method for synchronizing a receiver with a transmit-
ter as claimed 1n claim 1, wherein, for a plurality of alterna-
tives with the same maximum 1n the peak values of the cross-
correlation functions of the second synchronization signals,
which are determined by a used code set, with the first syn-
chronization signal, an RMS value of the cross-correlation
function 1s minimized as subordinate criterion.

11. A method for synchronizing a recerver with a transmuit-
ter as claimed 1n claim 1, wherein the maximum in the peak
values of the cross-correlation functions 1s minimized by
modulated superpositions of second synchronization signals,
which are determined by a used code set, with the first syn-
chronization signal.

12. A method for synchronizing a receiver with a transmit-
ter, the method comprising the steps of:

transmitting, via the transmitter, a first synchronization

signal with a plurality of second synchronization sig-
nals:

determining the plurality of second synchronization sig-

nals that can be transmitted jointly by a grouping of
second synchronization signals into code sets; and

forming the code sets such that a maximum in peak values
of cross-correlation functions of the second synchroni-
zation signals with the first synchronization signal 1s
minimized.

13. A method for selecting a plurality of second synchro-
nization signals that are transmitted jointly with a first syn-
chronization signal, the method comprising the steps of:

selecting the plurality of second synchronization signals

from a set of second synchronization signals;
subdividing the set of second synchronization signals mnto
code sets; and

grouping the code sets mnto used code sets and at least one

unused code set;

wherein the set of second synchronization signals 1s sub-

divided into codes sets such that a maximum 1n peak
values of cross-correlation functions of the second syn-
chronization signals, which are contained 1n a used code
set, with the first synchronization signal 1s minimized.
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